The ribose moiety of 5'-methylthioadenosine (MTA) is metabolized to form the four-carbon unit (2-aminobutyrate) of methionine in tomato tissue (Lycopersicon esculentum Mill., cv. Pik Red). When IU-14C-adenosinel MTA was administered to tomato tissue slices, label was recovered in 5-methylthioribose (MTR), methionine, I-aniinocyclopropane-l-carboxylic acid (ACC), C2H4 and other unidentified compounds. However, when IU-14C-riboseIMTR was administered, radioactivities were recovered in methionine, ACC and C2H4, but not MTA. This suggests that C2H4 formed in tomato pericarp tissue may be derived from the ribose portion of MTA via MTR, methionine and ACC. The conversion of MTR to methionine is not inhibited by aminoethoxyvinylglycine (AVG), but is 02 dependent. These data present a new salvage pathway for methionine biosynthesis which may be important in relation to polyamine and ethylene biosynthesis in tomato tissue.
14C-riboseIMTR was administered, radioactivities were recovered in methionine, ACC and C2H4, but not MTA. This suggests that C2H4 formed in tomato pericarp tissue may be derived from the ribose portion of MTA via MTR, methionine and ACC. The conversion of MTR to methionine is not inhibited by aminoethoxyvinylglycine (AVG), but is 02 dependent. These data present a new salvage pathway for methionine biosynthesis which may be important in relation to polyamine and ethylene biosynthesis in tomato tissue.
Methionine serves as a precursor of ethylene in model systems as well as in fruits and other plant tissues (10) . In the conversion of methionine to ethylene in model systems, and also to some extent in tissues, C-1 is converted to C02, C-2 to formic acid, and C-3, 4 to ethylene (10) . The sulfur atom and its related methyl group appear to be retained in the tissue (18) . Adams and Yang (1) examined the fate of the CH3S-group of methionine during its conversion to ethylene in apple tissue and found that it is converted into MTA' and MTR via SAM. The CH3S-group of MTA was effectively recycled back as a unit to reform the CH3S-group of methionine via MTR. They also postulated that MTR donates its methylthio group to a four-carbon acceptor to reform methionine. The metabolic fate of the ribose part of the MTA molecule in plant tissue remained obscure.
Shapiro and Schlenk (17) in cell-free extracts of E. aerogenes. Backlund and Smith (4) also reported the formation of methionine from MTA in cell-free homogenates of rat liver. The CH3S-group and carbons from the ribose portion of MTA were also incorporated into methionine.
Because the metabolic fate of the ribose portion of MTA in plant tissue remained unclear, the present study was (12) . To determine the efficiency of the degradation of ACC to C2H4, 100 nmol unlabeled ACC was added to the labeled ACC and the percent recovery was calculated from the C2H4 produced after the degradation. Labeled C2H4 formed from labeled ACC was absorbed in 0.5 ml cold 0.25 M Hg(C104)2 for 3 h and counted as described above.
Methionine and its sulfoxide were identified by co-chromatography with authentic compounds in l-butanol:acetic acid:H20 (4:1:5, v/v/v). Radioactive (14) . A vial containing 0.2 ml 2 N NaOH was placed in each flask. The flasks were then fitted with serum caps, evacuated and heated slowly and held at 80°C in a water bath for 1 h. 14C02 was absorbed in 2 N NaOH and was released from NaOH by injecting 0.2 ml 2 N H2SO4 and was reabsorbed in 0.5 ml ethanolamine:2-ethoxyethanol mixture (1:1, v/v) and counted in a liquid scintillation counter as described above. Additional details of methodology are given in the legends.
RESULTS AND DISCUSSION
Conversion of IU-14C-adenosinelMTA into 14C2H4 in Tomato Tissue. The rate of 14C2H4 production by the tissue after infiltration with 1.5 ACi [U-_4C-adenosine]MTA increased with time during the 6 h incubation period (Fig. 1) . The radioactivity in 14C2H4 must be derived from labeled MTA indicating that,tomato tissue is capable ofconverting [U-_4C-adenosine]MTA into 14C2H4.
Metabolism of [U-'4C-adenosinejMTA and Identification of MTR, Methionine, and ACC as Metabolites of IU-14C-adenosinel MTA in Tomato Tissue. After chromatography of the tissue extracts, two of the radioactive peaks were identified by co-chromatography, oxidation, and degradation as ACC (RF 0.42) and methionine (RF 0.50) (Fig. 2) . However, MTA and MTR have the same mobility in this chromatography system and appeared as a single peak at RF 0.69. They were subsequently separated by paper electrophoresis (1) and found to consist of 60% of MTR. Positive identification of the MTR was provided by the following: (a) the radioactive material co-chromatographed with authentic MTR; (b) after oxidation with dimethylsulfoxide, the radioactive material co-chromatographed with the sulfoxide of authentic MTR at RF 0.35: (c) the radioactive material showed no charge and did not move on paper electrophoresis at pH 2.2. These data provided evidence for the formation of MTR from MTA in tomato tissue. Adams and Yang (1) also showed conversion of MTA to MTR in apple tissue. The radioactive metabolite with an RF 0.50 was identified as methionine by co-chromatography with authentic methionine on paper chromatography and also by co-chromatography with authentic methionine sulfoxide (RF 0.17) after oxidation with 2% H202 at room temperature for 3 h. This suggests that MTA is converted into both MTR and methionine by tomato tissue. The radioactive spot at RF 0.42 was identified as ACC by co-chromatography with authentic ACC, and by its ability to yield labeled C2H4 in the chemical degradation reaction of Lizada and Yang (12) . Since the sequence for the biosynthesis of ethylene has been established as: methionine -* SAM -* ACC -* C2H4 (2), it is assumed that labeled ACC was formed from labeled methionine. Additional peaks of radioactivity in Figure 2 are presently unidentified. Figures 1 and 2 indicate that C2H4 is produced in tomato tissue from the ribose portion of MTA via MTR, methionine, and ACC.
Metabolism of IU-_4C-riboselMTR in Tomato Tissues. Labeled C2H4 was also produced after feeding tomato tissue with [U-14C-riboseJMTR (Fig. 3) . The amount of radioactivity recovered in C2H4 was approximately the same as in Figure 1 where about twice as much MTA methionine was intended to minimize the further metabolism of labeled methionine. The recovered radioactive methionine (0.14 ,uCi) from the tissue extract was degraded by the FMN-light reaction system (19) . In the FMN-light reaction system, carbon 1 of methionine gives rise to CO2, carbon 2 to HCOOH, and carbons 3 and 4 are incorporated into ethylene. As shown in Figure 4 radioactivities were found in all these reaction products. These results indicate that the 2-aminobutyrate portion of methionine was derived from the ribose portion of MTA. The specific steps involved in the pathway from MTR to methionine, however, are still unclear. (13) and has been shown to be a powerful inhibitor of ACC synthase (6, 20) . It has been shown that the conversion of SAM into ACC is sensitive to AVG inhibition. The conversion of ACC to ethylene, however, is unaffected by AVG (2). to tomato tissue and by degrading recovered methionine by the FMN-light reaction system, we were able to verify that the 4-carbon unit (2-aminobutyrate) of methionine is derived from the ribose carbons of MTA. Methionine is activated at the sulfur atom to form SAM which serves as a common precursor for both ethylene and polyamines and yields the same product, MTA, upon metabolism of SAM (3) . Based on recent studies and the data presented here, a new salvage pathway for methionine biosynthesis in relation to ethylene production and polyamine biosynthesis in tomato tissue is summarized in Figure 5 . The CH3-S-group of MTA (1) as well as the 4-carbon unit of the ribose portion of MTA can be recycled back to reform the methylthio group and 2-aminobutyrate portion of methionine. This appears to be an important salvage pathway for methionine biosynthesis and may be the best utilization of MTA which is a byproduct of SAM metabolism in plant tissue. The conversion of MTR to methionine is not inhibited by AVG, and is 02-dependent. This salvage pathway for methionine biosynthesis may take place continuously during the production of ethylene and the biosynthesis of polyamines in tomato tissue. The specific steps involving the conversion of MTR to methionine still remain unclear and warrant further investigation.
